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ABSTRACT. In this paper we give a comraratixe study of the innervation of the connective tissues of the&gum underlying the epithelium. Our material was taken from carnixvores, rodents, insectivores and men. The fibres form superficial and deep plexuses and leashes, and specialized nerve-endings are also present. The types of specialized nerve-endings seen have been (1) Coils which are situated either in the intra-papillary zone of the deeper connective tissuie.
(2) Ruiffini-like nerve-endings and convoluted fibres the presence of which in the gum has not been previously (lescribed. 
RiesuAM
Les auteurs font une etude comparative de l'innerv-ation des tisstue connectifs -itti6s au -(lessous de l'epithele des genciv-es. Leur mat6riel est tire des carnivores, de rongeurs, ( IN spite of the very large number of papers on peripheral nerve-endings, the ilnumber of publications concerning the study of these structures in the gum is relatively small. We have dealt with papers concerning the innervation of the human gum in a previous publication mentioning the work of Kadanoff (1928) , , Mowry (1930), and Hosaka (1936) . The only papeir Uhat we found in which comparative anatomical observations on the innervation of the gum were describedl was published by Jurjewa (1913) . Unfortunately, we have to voice the same criticism which we have expressed on previous occasions that although this paper contains a number of elaborate drawings, there are no photomicrographs, which makes it very difficult to compare her results with our own. She describes only the 'fferent types of nerve-end structures found in the gum as a whole, and divided the nervcendings into encapsulated and non-encapsulated. Her drawings are based on her findings in the cat, rabbit, horse, cow, and man, and permit certain conclusions to be drawn. From her descriptions, however, it cannot be determined in wNbich animals the different types of nerve-endings occur, a fact which has already been criticized by Kadanoff. Our material was obtained from carnivores-cat and ferret; rodents-mouse and rabbit; insectivores mole; and primate-human. The specimens were prepared by the modification of the Cajal method devised by Gooding and Stewart (1937) , and the material used was perfectly fresh, a point of considerable importance in obtaining successful results. Some of the specimens consisted only of gum, while in others the wNhole jaw and teeth were present as well. The specimens were cut in serial sections, mainly at 12yu thickness, but in some of the human examples thick sections of 30, were made.
It is our intention in this paper to confine our observations to the innervation of the connective tissue of the gum, and we shall make only a few incidental references to the innervation of the epithelium.
The actual source of the nerves of the gum is still in doubt. There is no question that a great number of the nerve-fibres have no connexion with the periodontal membrane at all; their course lies just superficial to the periosteum of either the lingual-palatal or buccal alveolar plates. The question of the nerve supply for the gum by periodontal nerves is one of great interest which has not yet been completely investigated. From our observations there seems to be no doubt that the gum does obtain a supply from this source, but it is probably not a rich one. The nervefibres for the gum run peripherally in the deeper layer of the connective tissue and are arranged in bundles which divide into smaller ones and approach the most superficial parts of the connective tissue and the epithelium itself. Sometimes these bundles form a definite deep plexus, and a superficial one situated near the epithelium is also present.
This plexiform arrangement of the nerve-fibres corresponds closely to that described in the skin by Woollard (1937) . It will probably be wise to define what is meant by plexus, as there has been a tendency to use this term somewhat loosely. The ordinary anatomical conception of a plexus is a structure in which a mesh is formed by fibres passing from one bundle to another without any fusion of individual fibres. This is seen characteristically in a large plexus such as the brachial plexus, and a similar condition is commonly seen microscopically. On the other hand, in recent years certain schools of neurologists have described definite networks in which axon cylinders fuse together, and these are also frequently called plexuses. A certain amount of confusion has been caused by this looseness in terminology.
We propose to call those structures in which fusion of fibres occur " anastomoses ", and we shall use the term " plexus " when nerve-fibres pass from one bundle to another forming a meshwork. A deep plexus has been seen in the gums of all the animals which have been studied. It has always the same general form and is well illustrated in the deep plexus of the rabbit in fig. 1 . The main bundle lies in the deeper part of the tissue from which smaller fibres arise to form the plexus. From the plexus, secondary bundles pass out towards the periphery.
On a more superficial plane a second plexus is frequently formed which lies near the epithelium. It may be formed by fibres arising from the deep plexus or directly from nerve bundles coming from the deeper layer without the intervention of a deep plexus. In these deeper structures which we have just described, we have no doubt that we are dealing with a true plexus, and there seems to be no fusion of individual fibres. In the superficial structures, however, it is not possible to make such a definite statement, and this may be one of the cauises of confusion in terminology to which we have already referred. We are under the impression that along with the plexiform arrangements there is also sometimes present a true anastomosis of fibres, and this agrees closely with the views enunciated by Woollard. Like him, we do not deny the validity of the neurone theory, because these fibrillar anastomoses may be due to the splitting and re-fusing of collaterals of single axon cylinders.
An example of a superficial plexus formed from a deep plexus in the human is seen in fig. 2 . In this specimen there appears to be a true anastomosis of fibrillke. We have not been able to satisfy ourselves that anastomosis is always present in the superficial network and in some cases it forms a superficial plexus as shown in fig. 3 , from the gum of the cat. In the mole, however, we have seen amongst other structures another arrangement of nerve-fibres in the connective tissue. Here the nerve bundles often form themselves into leashes.
Woollard put forward the hypothesis that these anastomoses can be considered to be diffuse end-organs for pain. Besides these diffuse end-organs, however, there are also present others of a more definite structure. These can be divided into two groups:-(1) A subpapillary group.
(2) An intrapapillary group. The end-organs in the subpapillary group seem to be formed by one or several thick fibres which are often accompanied by thin ones, an arrangement which is frequently found in other parts of the body. In fig. 4 an example of one of the subpapillary nerve-endings which were found in the ferret is illustrated. It consists of a thick convoluted fibre, which closely resembles the type 1 nerve-ending which we have already described in the periodontal membrane of that animal. Subpapillary endings have also been seen in the subpapillary tissues of the cat which have a structure similar to that of the type 1 endings in the periodontal membrane of that animal. Fig. 5 shows a human gum containing a complex convoluted structure formed largely by thick nerve-fibres, but thin ones are also present. Having formed these convolutions the nerve-fibres continue their course. This organ clearly differs in structure from those which we have described above in the carnivores, and it does not correspond to anything which we have been able to find in the periodontal membrane in man. It is also placed in a deeper plane in the connective tissues.
In the mouse we have found curious convoluted nerve-fibres lying deeply in the connective tissue as seen in fig. 6 . They are found only in that part of the gum which lies in close relationship to the underlying muscles, and have not been seen in other parts of the gum. The fibres correspond in appearance to the nerve-fibres in the muscle and are in continuity with them. It is therefore possible that functionally they are muscle sense organs.
In the subpapillary region we were only able to find coils in certain animals. In an earlier paper (1938a) we have described such an end-organ in the rat and we have now found a deep coil in this region in the cat (fig. 7 ). In this animal, however, this structure is encapsulated and the fibres are thicker than those in the rat. These deep coils, however, appear to be rather sparsely distributed in these two animals and we have been unable to find them in the other animals which we have examined.
In the intrapapillary region the most characteristic structures are coils. These were originally classified and described in the human by Kadanoff and they were afterwards reinvestigated and photographed by ourselves (1938b). They have been divided into loose and close coils. Drawing 1 is a camera lucida drawing of three adjoining sections of a papilla containing a loose coil and demonstrates clearly the arrangement of these structures, and in fig. 8 we have a photomicrograph of another human specimen in which an intra-epithelial fibre is also present. This intra-epithelial fibre is of interest as it runs for a considerable distance into the epithelium. From the knowledge we now have of the superficial plexus which we have just described we are doubtful whether the term " loose coil " is justified, and if it might not better be considered as an extension of the superficial plexus into the intrapapillary zone. The loose coils are numerous in certain areas of the gum but they appear to he absent in others.
The characteristic end-organs in the intrapapillary tissues in man are the close coils ( fig. 9 ). They are always situated in the tip of the papilla and are composed of thick and thin fibres which end in a rounded ball due to the fibres anastomosing with each other. This specimen is of further interest in that the tips of two adjoining papillie lie in close proximity to each other, and each contains a close coil. These intrapapillary close coils have been seen in the mouse and the ferret. They lack, however, the characteristic complexity of the human close coils, and this is clearly demonstrated in fig. 10 from the ferret, where the simplicity of the structuire is obvious as it takes the form of a comparatively simple loop. Thick and thin fibres are present, but we have seen specimens in this animal where the coils were formed only by thick fibres. In the human papilla we have recently seen a, form of nerveending which differs completely from the coils which have already been described. This cono;ists of a single fibre which takes origin in the subpapillary zone and enters the papilla to run for some distance within it. It finally ends in a definite bulb ( fig. 11 ). There is no doubt that this slide shows the complete course of the fibre as there are no signs of any further branching in the adjoining sections.
As we have already mentioned, the connective tissue of the gum of the mole has a very rich nerve supply, as is clearly shown in fig. 12 . Bundles of fibres will be seen running up from the deeper part of the connective tissue. In this animal we have found deep and superficial fibres, but we have been unable to discover any end-organs in the connective tissue. It is possible that this is due to the fact that there are highly specialized nerve-endings in the deeper part of the epithelial processes, namely the touch menisci described by Merkel and Ranvier (1880) . An example of these can be seen in this specimen, but they are generally grouped together as terminations of nerve-fibres.
In conclusion, we have found deep and superficial plexuses in all the animals which we have examined. In the subpapillary layer of the carnivore there are present nerve-organs resembling the type 1 ending in the periodontal membrane of this order. In the cat, subpapillary coils were seen but no intrapapillary coils were found, whereas in the ferret intrapapillary coils only occurred. In the rodents we observed in the mouse subpapillary convoluted nerve-organs in contact with the underlying muscle layer which are very different from the spider-like ending seen in the periodontal membrane of this animal. Deep encapsulated and intrapapillary non-encapsulated coils were also seen in the mouse. In the rabbit intrapapillary coils were found, but we have not seen subpapillary coils, while in the rat subpapillary and intrapapillary coils were present. In the mole no end-organs were detected in the connective tissue of the gum. There were, however, specialized end-organs in the deeper part of the epithelial processes-" the Merkel-Ranvier touch menisci." In the human we found a deeply situated subpapillary nerve-organ consisting of convoluted fibres which differed from the nerve-endings which we were able to find in the periodontal membrane. No subpapillary coils were seen, but intrapapillary close and loose coils were found which differ in their complexity from the coils seen in the different animals. Another specialized intrapapillary nerve-ending was observed, consisting of a single fibre with a bulb-like swelling on the end which resembles the type 1 ending seen in the human periodontal membrane.
